A total of 2,574 residents in Yaeyama District of Okinawa, Japan, were investigated using real time ultrasonography to determine the real prevalence of fatty liver in the general population and to define its associated factors. Overall prevalence of fatty liver was 14.0%. Prevalence of fatty liver in persons under 19 years old was only 1.2%, and increased with age to a maximumin persons 40-49 years of age and then decreased. For persons over 20 years old, obesity index and serum levels of triglyceride and total cholesterol were measured, and alcohol consumption was asked. Prevalence of fatty liver was significantly higher in drinkers than non-drinkers (p <0.01), and increased with alcohol consumption. Furthermore, in persons not suffering from obesity prevalence of fatty liver was significantly higher in drinkers than in non-drinkers (p < 0.001). The results of logistic regression analysis indicated that obesity and elevated serum triglyceride level in both sexes, and alcohol in males were significant predictors of fatty liver. In conclusion, prevalence of fatty liver increased with age to a maximumin persons 40-49 years of age and overall was 14.0%. Obesity was the strongest associated factor in both sexes and in males alcohol was also a strong factor.
In the past, fatty infiltration of the liver could only be diagnosed by liver biopsy. Therefore, there are few extensive studies on the epidemiology of f atty liver in healthy residents.
With the advent of ultrasonography, fatty liver can be easily detected.
When using ultrasonography we can see the fat tissue has a more increased echogenicity than the normal liver parenchyma1"4^. In order to define real prevalence of fatty liver in the general population and its associated factors, using real time ultrasonography, we carried out scanning of the fatty changes of the liver in healthy residents, in the Yaeyama District of Okinawa, Japan. Obesity was defined as more than 120 per cent of the obesity index.
MATERIALS AND METHODS
At that time, they were examined and interviewed by a physician and had their chest X-rayed. Persons who were found to have tuberculosis, malignancy, protein malnutrition, severe hepatitis, and jejunoileal bypasses were excluded from the study.
B lood sample collection
Blood samples were drawn from the forearm by venipuncture in the fasting condition and sera were stored at -20°C until tested. For participants over 20 years old, serum levels of total cholesterol and triglyceride were measured. More than 250 mg/dl of serum total cholesterol level or more than 170 mg/dl of serum triglyceride level was regarded as hypercholesterolemia or hypertriglyceridemia respectively.
Ultrasonography
In the fasting condition, real time ultrasonography of the liver, biliary tract, and spleen was performed by a physician with a scanner equipped with a 3.5 MHz transducer (Aloka 21OF, Aloka Co., Ltd., Japan). All ultrasonographies were recorded by video tape and later the video tapes were viewed for diagnosis. For the collection of alcohol history, a standard questionnaire was used. In order to assure the reliability of the answers, the same doctor interviewed subjects over 20 years old for consumption of alcohol. These interviews have been taken once a year since 1977. The answers were recorded on private cards every year. Interviews were obtained from subjects of this study in 1984. Those whose answers were negative for alcohol consumption were considered nondrinkers. The remainder were considered drinkers.
It was recognized that the duration of the alcohol intake in all drinkers over 25 years old was more than five years. Almost all drinkers 20-24 years of age began to consume alcoholic beverages from 20 years old. The frequency and amount of alcoholic beverages currently being consumed were asked on the drinkers questionnaire.
They were asked how many days they consumed alcoholic beverages in a week and how much they drank beer, liquor, sake, and Awamori in a day. Awamori is a kind of liquor made from rice in Okinawa. The number of grams of alcohol consumed per day was calculated from the interviews.
This information was recorded in standard unit (633 ml bottle of beer, 43 mljigger of liquor, 180 ml cup of sake, and 180 ml cup of Awamori and Awamori, 54.0 g/cup. With these estimates, we calculated the total grams of ethanol consumed in an average day.
Analysis
We used 1,832 persons over 20 years old in the following four analysises; ultrasonography, obesity index, alcohol consumption, and serum levels of total cholesterol and triglyceride. We compared prevalence of fatty liver between males and females and between drinkers and non-drinkers, in each specified age group by chi-square test. In order to investigate the influence of the associated factors, i.e. obesity, alcohol (for only males), and serum levels of triglyceride and total cholesterol, on the prevalence of fatty liver, we used logistic regression analysis. Furthermore, to see the interaction among the associated factors of fatty liver, we applied the Automatic Interaction Detector (AID) analysis12' 13) to the data. Out of 957 females, only 34 drank alcohol beverages. Therefore, in the analysis of logistic regression and AID for women, we counted alcoholic
RESULTS
Age-and sex-specific prevalence of fatty liver is shown in table 2. Overall prevalence was 14.0 per cent. Prevalence increased with advancing age to a maximum in individuals 40-49, 50-59 years of age and then decreased with advancing age. Prevalence of fatty liver in individuals under 19 years old was less than 2.8 per cent, considered to be very low. Prevalence of fatty liver was higher in males than in females in individuals younger than age 59 years. However, the results of the comparisons of prevalences of fatty liver by chi-square test, indicated that prevalence of fatty liver was not significantly higher at level 0.05 in males than in females, in any of the age groups. Prevalence of fatty liver according to obesity index and serum levels of triglyceride among individuals over 20 years old was shown in table 3 and4. In males (table 3) and females (table 4) , prevalence of fatty liver increased with obesity index and increased with serum levels of triglyceride. In every group of serum levels of triglyceride, prevalence of fatty liver increased with obesity index. In every group of obesity index, prevalence of fatty liver increased with serum levels of triglyceride. In individuals without obesity and without hypertriglyceridemia, prevalence of fatty liver was 
The result of logistic regression analysis of factors associated
with fatty liver applied to 875 males over 20 years old is shown in table 6. This result showed obesity to be the strongest predictor of fatty liver (p < 0.001). Regression coefficients for alcohol and serum triglyceride level were also hypercholesterolemia, 12.5 per cent, respectively. Therefore it was suggested that in males obesity was the strongest factor, followed by alcohol which was the strongest factor associated with f atty liver in males without obesity.
The result of AID analysis of factors associated with fatty liver applied to 957 females over 20 years old is shown in figure 2 . 957 females in cluster 1 were classified into two more clusters; cluster 2, without obesity, 2.5 per cent, and cluster 3, with obesity, 41.6 per cent, respectively.
Cluster 3 was then classified into cluster 4, without hypertriglyceridemia, 37.2 per cent and cluster 5, with hypertriglyceridemia, 54.9 per cent, respectively.
Cluster 4 was then classified into cluster 6, without hypercholesterolemia, 36.6 per cent, and cluster 7, with hypercholesterolemia, 42.9 per cent, respectively. Therefore, in females obesity was the strongest factor associated with fatty liver.
DISCUSSION To our knowledge, this investigation
represents the first extensive cross-sectional study on the epidemiology of fatty liver among a generally healthy population using real time ultrasonography. We have investigated epidemiological studies about hepatitis B virus and liver diseases since 1970. Therefore, in this district we could survey 90 per cent of the estimated population. Until recently it was possible to determine fatty liver only by taking a liver biopsy, which requires a stay in the hospital and many risk complica-tions14).
Prevalence of fatty liver in individuals under 19 years was not fully investigated in the previous study. Kinugawa et al.15^reported that fatty liver was found only in children with simple obesity. In our study, prevalence of fatty liver in individuals under 19 years was 2.8 per cent and considered to be very low. Nine persons with fatty liver under 19 years old were all obese and their serum levels of triglyceride and total cholesterol were within normal ranges.
Since the report by Zelman et al. in 195216) it has been well known that simple obesity in adults is likely to be associated with fat deposition in the liver. Many other reports17"19^also support this hypothesis.
The present study shows that prevalence of fatty liver, both in males and in females over 20 years old, increased with the advancing obesity index and prevalence of fatty liver in persons with obesity were significantly higher than that in persons without obesity. These results were similar to the previous reports16~19\ Elevated serum triglyceride level was observed in persons with not only alcoholic fatty liver20' 21) but also other types of fatty liver. The present study shows that elevated serum triglyceride level was strong factor associated with fatty liver. Chronic ingestion of alcohol is known to cause hepatic steatosis both in experimental animals22' 23) and humans24' 25). Also, Lieber CS et al.26) reported that individuals with a morphologically normal liver developed fatty liver when they were given alcohol even when under a variety of nondeficient diets. In the present study, prevalence of fatty liver in males without obesity increased with consumption of alcohol. In persons both without obesity and without hypertriglyceridemia, prevalence of fatty liver was significantly higher in drinkers than in the non-drinkers whose prevalence of fatty liver was very low. These results suggest that alcohol per se was a strong factor associated with fatty liver. The result of logistic regression analysis indicated that in males obesity, alcohol, and elevated serum triglyceride level were significant predictors of fatty liver, and in females, obesity and elevated serum triglyceride level were significant liver" 
